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Specification 

1. Title Of The Invention. 

Fiber Reinforced Resin Dish Spring 

2. Scope Of Patent Claim. 

(1) Fiber reinforced resin dish spring characterized in that it 
comprises a fiber reinforced resin material using continuous fibers. 

(2) Fiber reinforced resin dish spring described in Claim 
Paragraph 1 characterized in that the said continuous fibers are 
oriented in the circumferential direction of the dish. 

(3) Fiber reinforced resin dish spring described in Claim 
Paragraph 1 characterized in that the said continuous fibers are 
oriented in the radial direction of the dish. 

(4) Fiber reinforced resin dish spring described in Claim 
Paragraph 1 characterized in that the said continuous fibers are 
pseudoisotropically laminated. 

(5) Fiber reinforced resin dish spring described in Claim 
Paragraph 1 characterized in that the said continuous fibers are 
superposed in plural layers as (a) a 1st fiber reinforced resin layer 
oriented in the circumferential direction and (b) a 2nd fiber 
reinforced resin layer oriented in the radial direction of the dish 
spring. 

(6) Fiber reinforced resin dish spring described in Claim 
Paragraph 1 characterized in that the said continuous fibers are 
superposed in plural layers as (a) a 1st fiber reinforced resin layer in 
which the fiber reinforced resin layer is oriented in the 
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circumferential direction and (b) and a 2nd fiber reinforced resin 
layer in which the said fiber reinforced resin layer is 
pseudoisotropically laminated. 

3. Detailed Explanation Of The Invention. 

(Industrial Field Of Utilization) 

The present invention pertains to a dish spring comprised of 
fiber reinforced resin material that is light weight and has such as 
good spring properties and fatigue strength. 

(Prior Technology) 

Generally dish springs are springs characterized in that they 
are low strain high load where strain is relatively low under loads, 
and they have priorly been made of steel materials. 

In recent years as the use environments of dish springs have 
become diversified, dish springs comprising stainless steel and 
titanium alloy with their good corrosion resistance have come into 
use. However, at present dish springs have not been developed 
that meet the need for light weights. 

A spring constructed from fiber reinforced resin material for 
the purpose of lighter weight is disclosed in the specifications of 
Japanese Patent Application Sho 63-77100. 

(Problems To Be Resolved By The Invention) 

The problem to be resolved by the present invention lies in 
offering a dish spring made of fiber reinforced resin that has light 
weight and good spring properties and fatigue resistance, and has 
the characteristics denoted by light strain high load. 
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(Means For Resolving The Problems) 

In order to achieve this, the fiber reinforced resin dish spring 
of the 1st invention of the present invention is characterized in 
comprising fiber reinforced resin material using continuous fibers. 

The fiber reinforced resin dish spring of the 2nd invention of 
the present invention is characterized in that the said continuous 
fibers are oriented in the circumferential direction of the dish spring. 
The fiber reinforced resin dish spring of the 3rd invention of the 
present invention is characterized in that the said continuous fibers 
are oriented in the radial direction of the dish spring. The fiber 
reinforced resin dish spring of the 4th invention of the present 
invention is characterized in that the said continuous fibers are 
pseudoisotropically laminated. The fiber reinforced resin dish spring 
of the 5th invention of the present invention is characterized in that 
the said continuous fibers are superposed in plural layers as (a) 1st 
fiber reinforced resin layer oriented in the circumferential direction 
and (b) a 2nd fiber reinforced resin layer oriented in the radial 
direction of the dish spring. The fiber reinforced resin dish spring of 
the 6th invention of the present invention is characterized in that the 
said continuous fibers are superposed in plural layers as (a) 1st fiber 
reinforced layer in which the fiber reinforced resin layer is oriented 
the circumferential direction and (b) a 2nd fiber reinforced resin 
layer in which the said fiber reinforced resin layer is 
pseudoisotropically laminated. 
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Here what is meant by saying the continuous fiber is oriented 
in the radial direction of the dish spring is shown in the example 
given in Fig. 3 and Fig. 4. Also, what is meant by saying that the 
continuous fiber is pseudoisotropically laminated is shown in the 
example given in Fig. 5 and Fig. 6. 

Preferred continuous fibers are high strength and high 
elasticity fibers such as glass fiber, carbon fiber, alamide fiber, silicon 
carbide fiber and alumina fiber. This is because the fiber properties 
have a great influence on the spring properties. The types of fiber 
materials used and their composition are determined by the 
properties required in the dish spring. 

Resins that can be used to meet the required thermal and 
mechanical properties of the dish spring are heat cured resins such as 
epoxy unsaturated polyester, and various thermoplastic resins such 
as nylon, polypropylene, polysulfone and polyether sulfone. 

When making dish springs with relatively high spring 
constants, it is well to construct the dish springs of resin materials 
reinforced by continuous fibers. This is because when short fibers 
are used in composite materials only low spring constant dish springs 
will be obtained. 

When making dish springs with particularly high spring 
constants, it is well to have the orientation of the continuous fibers in 
the circumferential direction. This is inferred to be because the main 
stresses acting on the spring constant of the dish spring originate in 
the circumferential direction. 
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When making dish springs to withstand high strain, it is well 
that continuous fibers in one part of a layer be arranged in the radial 
direction. This is inferred to be because when dish springs are used 
under high strains, shear stresses are quite high in the thick direction 
of the dish springs. In these cases it is not necessary to arrange all 
of the fibers in the appropriate layers in the radial direction. For 
example, when fibers inside one layer such as in pseudoisotropic 
lamination are all arranged in one direction, they resemble an 
arrangement in the radial direction if seen from the lamination 
overall, and will have the same effect. 

Consequently, in cases when making dish springs where spring 
constants are high and they undergo high strains, at least one part 
of the continuous fibers in the fiber reinforced resin material that 
constructs the dish spring should be oriented in the circumferential 
direction, while at least one part of the continuous fibers in a 
separate layer should be oriented in the radial direction. 

(Action) 

By following the fiber reinforced resin dish spring of the 
present invention, the use of continuous fibers makes it possible to 
obtain dish springs having the good spring properties of high 
strength and light weight which are the characteristics displayed by 
those fibers. 

When the continuous fibers are oriented in the circumferential 
direction of the dish spring, the dish spring obtained has a high 
spring constant and is high load low strain. 
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When the continuous fibers are oriented in the radial direction 
of the dish spring with pseudoisotropic lamination, a high strain dish 
spring is obtained. 

When the dish spring has superposed plural layers of the 
above (a) 1st fiber reinforced resin layer and (b) 2nd fiber reinforced 
resin layer, the dish spring obtained has a high spring constant and 
withstands high strains. 

(Examples) 

The present invention will be explained with reference to 
examples. 

First, dish springs shown by Fig. 1 and Fig. 2 were made of 
various materials. The size of the dish springs was: 
Inner diameter dl 31 mm 

Outer diameter d2 63 mm ■ 

Thickness t 3.5 mm 

Height h 1.4 mm 

The materials used in the dish springs were: 
Example 1 Carbon fiber reinforced resin 

Example 2 Glass fiber reinforced resin 

Example 3 Short fiber nylon 

Comparative Example 4 Steel 
Comparative Example 5 Nylon 6 

In Example 1, 360 kg/mm 2 tensile strength and 23,500 kg/mm 2 
elastic module carbon fiber bundles were coated with nylon 6, and 
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dish springs were formed by hot pressing arranged 
circumferentially. The carbon fiber content was 61 wt%. 

In Example 2, 250 kg/mm 2 tensile strength and 7,400 kg/mm 2 
elastic module glass fiber bundles were coated with nylon 6, and 
dish springs were formed by hot pressing arranged 
circumferentially. The glass fiber content was 70 wt%. 

In Example 3, dish springs were made by compression forming 
using nylon 6 pellets containing 30 wt% of glass fiber chop. 

In Comparative Example 4, dish springs were made of spring 

steel. 

In Comparative Example 5, dish springs were made by 
compression forming of nylon 6 pellets. 
Test Example 1 

Flexibility tests were performed on the said Examples 1, 2 and 
3 and Comparative Examples 4 and 5. 

Loads were applied to the said dish springs of Examples 1, 2 
and 3 and Comparative Examples 4 and 5, and dish spring weight W 
and dish spring load P when their amounts of flexibility reached 1 
mm were measured. The results are shown in Table 1. 
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Table 1. 

Load 

Example Dish Spring Material P kg 

Example 1 Carbon fiber reinforced resin 450 
Example 2 Glass fiber reinforced resin 380 
Example 3 Nylon inserted with glass fiber chop 160 
Comp, 4 Steel 1450 
Comp. 5 Nylon 6 50 



Weight 




Wkg 


P/W 


12.9 


34.9 


16.5 


23.0 


12.2 


13.1 


69.8 


20.8 


10.2 


4.9 



From Table 1 it will be clearly understood that in Examples 1, 2 
and 3 the weights of the dish springs are markedly lighter than that 
of the steel dish spring of Comparative Example 4. Also with 
Examples 1 and 2, loads P for generating the same amount of 
flexibility per unit of weight are rather high values compared to the 
prior steel one shown in Comparative Example 4, and they show 
good spring properties compared to the steel one. 

Test Example 2 

Next, orientation tests were conducted. 

Dish springs were made in the same sizes and by the same 
methods as with the said carbon fiber reinforced resins of Example 
1, and these dish springs were tested as to the connection between 
the orientations of the carbon fibers and the loads required to get 1 
mm flexure. The results are shown in Table 2 
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Table 2. 



Example 

Example 6 
Example 7 



Entirely circumferential direction 
Upper surface 2/3 circumferential direction, 
remainder pseudoisotropic laminate 
Upper surface 1/2 circumferential direction, 
remainder pseudoisotropic laminate 
Upper surface 1/3 circumferential direction, 
remainder pseudoisotropic laminate 
Entirely pseudoisotropic laminate 



Orientation Of Carbon Fibers 



Load kg 

450 



410 



Example 8 



580 



Example 9 



330 



Example 10 



280 



With Example 6 in Table 2, the carbon fibers were oriented in 
the circumferential direction over the entire dish spring. With 
Example 7, 2/3 of the dish spring upper surface had carbon fibers 
oriented in the circumferential direction, and 1/3 of the lower 
surface was a pseudoisotropic laminate. Here the pseudoisotropic 
laminate was laminated in 6 layers, where taking the reference 
orientation axis of the orientation directions of the carbon fibers as 
0°, the orientation direction angles of the carbon fibers were 0°, 
-60°, +60°, -60° and 0<> With Example 8, 1/2 of upper surface layer 
1 was oriented in the circumferential direction, and 1/2 of the lower 
surface was pseudoisotropic laminate. With Example 9, 1/3 of the 
upper surface layer 1 had carbon fibers oriented in the 
circumferential direction and 2/3 of the lower surface layer was 
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pseudoisotropic laminate. With Example 10, the entire dish spring 
was pseudoisotropic laminate. 

As will be clearly understood from the results shown in Table 
2, the arrangement should be that the carbon fiber orientation 
required to obtain a high spring constant in the dish spring be 
entirely in the circumferential direction. 

Further, although these examples showed the pseudoisotopic 
layer at 60° intervals, these intervals could also be such as 45° 30° or 
90o. 

Test Example 2 

Fatigue tests were conducted. 

Dish springs were made in the same sizes and by the same 
methods as with the said carbon fiber reinforced resins of Example 
1, and after applying loads up to 900 K to these dish springs, 
repeated load tests were conducted at flexure amounts of 0 to 0.75 
mm 

Test pieces were Examples 11, 12 and 13 shown in Table 3. 
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Table 3, 

Example Orientation Of Carbon Fibers 

Example 11 Entirely circumferential direction 



Repeated Load 
Test Results 



Example 12 Upper surface 1/3 circumferential, 
remainder pseudoisotropic 

Example 13 Upper surface 1/2 circumferential, 
remainder radial direction 



Cracks formed at 
initial load 
No cracks at initial 
load. No cracks up 
to 10 5 times. 
No cracks at initial 
load. No cracks up 
to 10 5 times. 

As is apparent from the repeated load test results shown in 
Table 3, under high loads and repeated loads, when the carbon fiber 
orientation is in the circumferential direction over the entire dish 
spring, cracks occur at initial loads (Example 11). When there is a 
partial orientation of the carbon fibers in the radial direction there 
are no cracks at the initial loads and cracks will not occur up to 10 5 
times. From these results it is apparent that dish springs with carbon 
fiber orientations in the circumferential direction and the radial 
direction as well as combinations in the pseudoisotropic direction 
have high spring constants as well as strong fatigue strength under 
high loads. 
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(Effect Of The Invention) 

As explained above, the fiber reinforced resin dish spring of 
the present invention has the effect of obtaining fiber reinforced 
resin dish springs that are light, withstand high loads and have good 
spring properties such as high spring loads and high fatigue 
strength. 

4. Brief Explanation Of The Drawings. 

Fig. 1 is a general frontal profile view showing an example of 
the dish spring of the present invention, Fig. 2 is a sectional view 
along the line II-II in Fig. 1, Fig. 3 is a general profile view showing 
the state where the continuous fibers are oriented in the radial 
direction, Fig. 4 is a sectional view along IV-IV in Fig. 3, Fig. 5 is a 
general profile view showing the state where the continuous fibers 
are pseudoisotropically laminated, and Fig, 6 is a sectional view along 



VI- VI in Fig. 5. 
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Dish spring 
Continuous fibers 
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Figs. 3 to 6 
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End. 



